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LETTER  OF  TRANSMITTAL. 


IT.  S.  Department  of  Agriculture, 

Division  of  Soils, 
Washington,  D.  C,  April  24,  1897. 
Sir  :  I  have  the  honor  to  transmit  herewith  data  showing  the  amount 
of  moisture  in  the  soils  of  a  number  of  localities  in  the  United  States 
during  the  crop  season  of  1896,  together  with  brief  notes  as  to  the 
character  of  the  season  in  the  different  localities.     I  recommend  that 
this  be  published  as  Bulletin  Xo.  9  of  this  Division. 
K  e  spec  t  fully, 

Milton  Whitney. 

Ch  ief  of  D  wis  io  n . 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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SOU,  MOISTURE:  A  RECORD  OF  THE  AMOUNT  OF  WATER  CONTAINED  IN 
SOILS  DURING  THE  CROP  SEASON  OF  1896. 


INTRODUCTION. 

Kecords  were  kept  of  the  moisture  conditions  during  the  season  of 
1895  in  a  number  of  different  types  of  soils  and  published  during  the 
year  in  three  bulletins.  These  investigations  were  continued  during 
the  season  of  1896,  the  results  of  which  are  presented  in  this  publication. 
In  a  number  of  cases  the  records  were  continued  in  the  same  places  as 
in  the  previous  year,  but  in  order  to  extend  the  preliminary  investiga- 
tions over  a  wide  range  of  soil  conditions,  some  of  the  observations 
were  discontinued  and  other  areas  were  taken  up. 

The  relative  water-holding  power  of  soils  under  similar  climatic  con- 
ditions and  exposure  depends  largely  upon  the  texture — that  is,  the 
relative  amount  of  sand,  silt,  clay,  and  organic  matter— and  upon  the 
structure  or  arrangement  of  the  grains.  It  likewise  depends  to  a  con- 
siderable extent,  of  course,  upon  local  conditions  of  depth,  compactness, 
exposure,  cropping  and  cultivation,  and  the  surface  tension  of  the  soil 
moisture.  A  system  of  classification  of  soils  based  upon  the  physical 
properties  of  texture,  structure,  and  water-holding  power  was  suggested 
in  Weather  Bureau  Bulletin  No.  4.  This  has  been  confirmed  by  exten- 
sive field  examinations  and  physical  analyses  of  over  1,200  samples 
carefully  collected  from  different  types  of  soils  adapted  to  various  classes 
>f  crops  from  all  parts  of  the  United  States  and  from  several  foreign 
countries.     The  texture  of  a  number  of  these  important  types  of  soils 

as  illustrated  graphically  in  Bulletin  No.  5  of  this  Division. 

It  has  been  pointed  out  before  that  differences  in  the  physical  prop- 
erties of  soils,  and  particularly  in  the  texture,  will  cause  varying  pro- 
portions of  the  rainfall  to  be  retained.  Clay  soils,  as  a  rule,  offer  great 
resistance  to  rain,  and  the  movement  of  the  water  downward  through 
them  is  so  slow  that  a  large  quantity  remains  at  the  disposal  of  crops 
luring  the  ordinary  season.  Sandy  soils,  on  the  contrary,  are 
Lsually  so  open  and  porous  that  they  offer  little  resistance  to  the 
lescent  of  rain  and  retain  but  a  small  amount  of  water.  As  plants 
Lifter  greatly  in  the  amount  of  water  required  for  their  best  develop- 
lent,  this  is  one  of  the  principal  reasons  for  the  peculiar  adaptation 
)f  certain  soils  to  certain  plants  and  a  controlling  condition  in  the  dis- 
tribution of  plants.  It  is  apparent  nearly  every  year  that  the  moisture 
iontent  of  soils  is  a  limiting  factor  in  crop  production,  and  with  exten- 
sive farming,  at  least,  the  crop  fluctuates  greatly  with  the  character  of 
the  season.     With  intensive  cultivation  the  character  of  the  season  is 


of  much  less  moment,  for  most  of  the  soil  conditions  may  be  largely 
controlled  or  modified  when  the  value  of  the  crop  justifies  the  neces- 
sary time,  labor,  and  expense. 

It  is  necessary,  therefore,  for  the  highest  development  of  the  agri- 
cultural possibilities  of  any  soil,  or  the  material  modification  of  the 
yield  or  quality  of  any  crop,  to  study  the  moisture  conditions  of  our 
various  types  of  soils  and  the  extent  to  which  these  conditions  can  be 
modified  or  changed  by  methods  of  cropping,  fertilization,  or  culti- 
vation. 

In  a  number  of  cases  the  records  have  been  continued  long  enough 
and  the  weather  conditions  have  been  diverse  enough  to  make  it  possi- 
ble approximately  to  establish  lines  of  excessive  moisture  and  of 
drought  in  the  soils.  The  curves  illustrate  in  a  graphic  way  the  condi- 
tions in  several  soils  during  a  period  of  quite  marked  drought,  during 
which  crops  suffered,  in  the  season  of  1896.  The  condition  of  the  ground 
as  to  moisture  is  a  most  important  factor  in  crop  production,  for  so  long- 
as  the  moisture  is  below  the  minimum  required  for  the  normal  functions 
of  the  plant  this  will  be  a  limiting  condition  in  the  development  of  the 
crop.  The  object  of  ordinary  cultivation,  and  possibly  one  of  the  impor- 
tant objects  of  fertilization,  as  well  as  the  whole  object  of  irrigation,  is 
to  conserve  or  increase  the  moisture  and  prevent  the  excessively  dry 
conditions  known  as  droughts.  With  frequent,  well-distributed  show- 
ers cultivation  would  hardly  be  necessary  except  occasionally  to  change 
the  mechanical  condition  of  the  soil  in  the  neighborhood  of  the  plants 
and  to  destroy  the  larger  weeds  :  but  with  very  infrequent  and  variable 
rainfalls  cultivation  is  required  as  a  protection  against  excessive  loss 
of  moisture.  The  records  here  published  show  the  frequency,  extent, 
and  duration  of  the  dry  periods  in  the  several  localities  and  indicate 
the  conditions  which  must  be  controlled  by  improved  methods  of  culti- 
vation and  manuring,  or  by  the  application  of  water  through  irrigation, 
if  this  limiting  cause  is  to  be  controlled. 

It  will  be  observed  that  the  results  presented  in  this  bulletin  are  for 
a  depth  of  12  inches.  In  the  case  of  shallow-rooted  crops,  of  course, 
the  surface  may  be  quickly  dried  out  and  a  drought  of  short  duration 
occur  which  would  not  be  indicated  by  the  data  for  the  depth  of  12 
inches.  Furthermore,  soil  conditions  which  would  be  favorable  under 
certain  conditions  of  temperature,  sunshine,  and  wind  would  not  nec- 
essarily be  favorable  under  different  conditions.  Most  of  our  cultivated 
plants  will  do  well  on  a  soil  containing  a  large  percentage  of  moisture, 
providing  the  temperature  is  high  and  there  is  an  abundant  amount  of 
sunshine,  while  there  would  be  much  more  danger  of  injury  to  the 
crops  if  these  very  moist  conditions  prevailed  during  a  cold,  cloudy 
period. 

METHOD    OF   TVTAKTNG   MOISTURE   DETERMINATIONS. 

The  method  of  making  the  moisture  determinations  in  these  investi- 
gations was  the  same  as  that  used  last  year  and  described  in  Bulletin 
No.  I  of  this  Division.     It  consists  of  taking  samples  of  the  soil  in  a 


small  brass  tube  driven  into  the  ground  to  the  desired  depth  and  dry- 
ing the  sample  so  obtained  at  a  temperature  of  110°  0.,  tlie  loss  in 
weight  representing  the  amount  of  moisture.  It  has  been  shown  in 
Bulletin  No.  G  that  this  method  is  not  very  convenient  and  has  a  wide 
range  of  probable  error.  A  single  determination  is  not  to  be  relied 
upon  within  2  per  cent,  more  or  less,  of  the  value  which  would  be 
obtained  if  a  great  many  samples  were  taken  and  the  results  averaged. 
The  error  is  believed  to  be  mainly  due  to  the  inequalities  of  the  soil 
and  to  the  difficulty  of  taking  samples  which  represent  the  actual 
depth  intended.  Owing  to  these  causes  the  daily  moisture  determina- 
tions fluctuate  considerably  without  any  apparent  cause.  For  this 
reason  it  is  necessary  to  plot  the  daily  records  on  cross-section  paper 
and  draw  a  curve  or  line  occupying  a  mean  position  between  the  daily 
points.  This  eliminates  most  of  the  apparently  unwarrantable  daily 
variations.  Care  must  be  taken  in  doing  this  not  to  attempt  to  make 
a  smooth  curve  nor  to  eliminate  all  inequalities,  but  merely  to  give  the 
line  a  certain  mean  position  which  will  represent  more  truly  the  mois- 
ture conditions  for  any  given  date  than  would  the  actual  moisture  deter- 
mination for  that  day.  This  method  of  plotting  has  been  described 
and  illustrated  in  Bulletin  No.  1. 

.  The  records  given  in  ihe  pre  ent  bulletin  are,  therefore,  not  the  actual 
field  records,  but  are  obtained  by  plotting  these  records  and  taking  for 
each  day  the  per  cent  of  moisture  shown  for  that  day  by  the  curve. 

CALCULATION   OF   RESULTS. 

It  was  shown  in  Bulletin  No.  4  that  there  are  three  ways  in  which 
the  amount  or  percentage  of  water  in  the  soil  may  be  expressed,  namely : 
(a)  The  weight  per  unit  volume  of  soil,  (b)  the  per  cent  of  dry  weight 
of  soil,  and  (e)  the  p  r  cent  of  fresh  weight  of  soil.  The  first  method 
would  be  decidedly  the  best  if  one  could  readily  determine  the  weight 
of  a  unit  volume  of  soil.  If  the  amount  of  moisture  should  be  expressed 
in  cubic  inches  or  cubic  feet  of  soil,  the  figures  would  be  not  only 
always  comparable  for  the  same  soil  but  for  others ;  that  is,  if  a  soil 
contained  20  cubic  inches  of  water  per  cubic  foot  there  would  be  twice 
as  much  water  present  as  when  the  same  soil,  or  when  any  other  soil, 
contained  10  cubic  inches  per  cubic  foot. 

This  simple  relation  does  not  hold  with  either  of  the  other  methods 
of  expressing  the  water  content.  If  the  amount  is  expressed  in  per- 
centage of  the  fresh  weight,  as  in  an  ordinary  chemical  analysis,  a 
given  volume  of  soil  containing  20  per  cent  of  water  does  not  contain 
twice  as  much  water  as  when  the  same  volume  contains  10  per  cent, 
owing  to  the  difference  in  the  composition  and  consequent  difference 
in  the  fresh  weight  of  the  material  upon  which  the  percentage  is  based. 
Furthermore,  if  a  soil  contains  20  per  cent  of  its  fresh  weight  of  mois- 
ture, it  does  not  necessarily  contain  the  same  amount  of  water  per  cubic 
foot  or,  roughly  speaking,  per  acre  as  another  soil  having  a  different 
texture  and  containing  the  same  percentage  of  water,  owing  to  the 


difference  in  the  weight  of  a  cubic  foot  of  sand  and  a  cubic  foot  of  clay. 

Lastly,  if  the  amount  of  water  is  calculated  on  the  basis  of  dry 
weight  of  soil,  this  is  always  a  constant  factor,  and  a  soil  containing 
20  per  cent  of  water  will  have  twice  as  much  water  present  as  when 
there  is  10  per  cent  of  water.  Here  again,  however,  owing  to  the" dif- 
ference in  the  weight  of  a  unit  volume  of  soils,  20  per  cent  of  water  in 
one  soil  does  not  necessarily  represent  the  same  quantity  of  water  per 
cubic  foot  or  per  acre  as  20  per  cent  would  in  another  soil. 

In  order  that  the  results  may  be  strictly  and  easily  comparable  for 
the  same  soil  and  that  the  percentage  may  show  directly  the  relative 
amount  of  water  in  the  soil  it  has  seemed  best  to  change  the  practice  fol- 
lowed in  1895  and  to  figure  the  percentage  of  moisture  this  year  on  the 
dry  weight  of  soil.  The  figures  for  1896  are  therefore  not  strictly  com- 
parable with  those  for  1895,  but  they  may  be  readily  converted  from  one 
to  the  other.  The  following  table  shows  the  ratios  of  the  percentages 
of  water,  both  as  calculated  on  the  fresh  weight  and  as  calculated  on 
the  dry  weight,  and  by  interpolation  the  figures  from  one  system  can 
readily  be  converted  into  the  other : 


Per  cent. 

Per  cent. 

Fresh 

Dry 

Fresh           Dry 

weight. 

weight. 

weight,      weight. 

1 

1.01 

14           16.  28     I 

2 

2.04 

15           17.  25 

3 

3.09 

16           19.  04 

4 

4.17 

17           20. 47 

5 

5.26 

18           21. 96 

6 

6.38 

19 

23.46 

7 

7.52 

20 

24.99 

8 

8.74 

21 

26.59 

9 

9.88 

22 

28.20 

10 

11.11 

23 

29.86 

11 

12.36 

24 

31.58 

12 

13.  63 

25 

33.33 

13 

14.94 

CONDITIONS   INFLUENCING-    THE    RELATIONS    OF    SOILS    TO    WATER. 


The  record  of  moisture  conditions  in  a  number  of  types  of  soil  is 
given  in  the  tables,  while  the  kind  of  soil  and  the  character  of  the  sea- 
son are  briefly  described  in  the  following  paragraphs. 

As  the  final  product  of  a  crop  is  frequently  determined  not  so  much 
by  the  average  conditions  as  by  the  limiting  conditions  of  excessive 
wetness  or  drought  in  thekoils,  considerable  attention  has  been  given 
to  determining  the  conditions  prevailing  under  these  extremes  and  the 
range  of  the  moisture  conditions  in  each  of  the  soils  which  is  most 
favorable  to  the  proper  growth  and  development  of  the  crops  adapted 
to  the  soils.  In  view  of  the  importance  of  these  limiting  conditions  of 
drought  and  excessive  wetness,  the  conditions  prevailing  in  the  soils 
(lining  such  periods,  wherever  they  have  occurred,  are  shown  graphic- 
ally in  the  diagrams  at  the  end  of  this  bulletin.  A  careful  study  of  these 
will  show  the  existing  conditions  of  growth  and  will  indicate  the  direc- 
tion .ind  the  extent  to  which  these  conditions  must  be  changed  by  cul- 


tivation,  fertilization,  or  cropping  in  order  to  secure  the  highest  (level 
opmeut  of  the  land  in  its  agricultural  aspect. 

A  careful  study  of  the  tables  and  of  the  diagrams  will  show  some 
inequalities  and  variations  which  can  not  at  first  sight  be  explained  by 
the  conditions  of  rainfall  or  evaporation.  It  will  be  well,  therefore,  to 
mention  briefly  the  conditions  which  may  influence  the  relation  of  rain- 
fall and  soil  moisture. 

In  addition  to  the  texture  and  structure  of  soils,  the  amount  of 
organic  matter  and  depth,  there  are  some  other  conditions  which  will 
influence  the  moisture  content  of  soils.  In  the  first  plaice,  a  light  rain, 
especially  when  it  falls  on  a  dry  soil,  may  evaporate  so  quickly  as  not 
appreciably  to  influence  the  water  content  of  the  soil  a  few  minutes 
afterwards.  On  the  other  hand,  the  rain  may  be  so  heavy  and  sudden 
that  most  of  it  will  run  off  over  the  surface  and  have  little  or  no  influ- 
ence upon  the  water  content  of  the  soil  at  the  time  the  daily  sample  is 
taken. 

A  light  shower  falling  on  the  dry  soil  and  diluting  the  soil  moisture 
with  nearly  pure  water  will  increase  the  surface  tension,  or  "pulling" 
power,  of  the  water,  so  that  more  water  will  be  brought  up  from  below. 
If  a  rapid  and  excessive  evaporation  takes  place,  the  water  which  falls 
and  part  of  that  which  has  been  drawn  up  from  below  may  evaporate 
and  the  soil  be  left  drier  than  if  the  rain  had  not  fallen.  If,  on  the 
other  hand,  evaporation  be  retarded  after  the  rainfall,  the  water  content 
of  the  surface  foot  of  soil  near  the  surface  may  continue  to  increase  by 
reason  of  the  higher  surface  tension  of  the  moisture  near  the  top  of 
the  ground,  aud  this  increase  may  continue  for  several  days,  while  the 
moisture  conditions  are  gradually  adjusting  themselves.  This  is  appar- 
ently indicated  by  some  of  the  data  in  the  tables  where  the  water  con- 
tent appears  to  increase  in  a  number  of  cases  for  several  days  after  the 
rain  has  fallen. 

The  water  content  of  the  upper  foot  of  soil  may  actually  increase  in 
the  absence  of  ram,  in  the  event  of  any  material  diminution  in  the  rate 
of  evaporation  from  the  surface  of  the  ground.  If  water  evaporates 
from  the  surface  of  the  soil  at  the  rate  of  1  pound  per  unit  of  area  per 
day,  water  must  be  constantly  moving  up  from  the  lower  depths  to  sup- 
ply the  surface  with  at  least  part  of  that  which  evaporates.  It  cau  not 
under  normal  field  conditions  supply  all.  It  requires  time  for  water  to 
move  up  through  the  soil  aud  adjust  itself  to  any  change  of  condition. 
If,  therefore,  from  any  cause  evaporation  from  the  surface  is  retarded, 
it  is  likely  that  for  a  while  the  upward  movement  will  eontinue  and 
after  a  time  more  water  will  be  contained  in  the  surface  foot  of  soil 
than  if  evaporation  had  continued  at  the  normal  rate.  This  appears 
to  be  shown  in  some  of  the  records.  This  may  also  account  for  the 
apparent  increase  in  the  moisture  content  in  the  soils  a  day  or  two 
before  rains  are  recorded,  as  indicated  in  many  cases,  for  the  atmos- 
phere is  liable  to  contain  much  moisture  at  such  times  and  the  evapo- 
ration be  considerably  reduced. 
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SOIL    CONDITIONS   DURING   THE    SEASON   OF   1896. 

EARLY    TRUCK    LAND,    MAKDELA    SPRINGS,   MD, 

Records  were  continued  in  the  early  truck  soils  at  Mardela  Springs, 
with  the  same  results  as  in  the  previous  year.  Records  of  soil  mois- 
ture, together  with  the  rainfall,  are  given  (pp.  13-23).  The  moisture 
conditions  during  April  were  considered  very  favorable  for  the  grow- 
ing crops,  with  the  exception  that  very  high  temperatures  prevailed 
from  April  13  to  20  and  evaporation  was  so  excessive  that  the  soil  was 
hardly  moist  enough  for  the  plants,  and  there  was  some  wilting.  From 
May  2  to  9  the  conditions  were  considered  favorable  $  from  10  to  19  the 
soil  was  rather  too  dry.  The  remainder  of  the  month  was  favorable. 
The  first  few  days  of  June  were  favorable;  the  middle  of  the  month 
was  rather  dry,  and  after  the  21st  the  soil  conditions  were  reported  as 
being  very  dry.  The  first  five  days  of  July  the  soil  continued  dry. 
The  frequent  rains  from  the  6th  to  the  10th  kept  the  surface  rather 
wet,  while  the  remainder  of  the  month,  with  the  exception  of  the  last 
two  days,  was  considered  favorable.  From  July  30  to  August  11  the 
soil  was  extremely  dry  and  the  period  was  referred  to  as  a  severe 
drought,  corn  dying  and  other  crops  suffering  excessively.  The  soil 
conditions  during  the  rest  of  the  month  of  August  were  generally 
favorable.  During  the  month  of  September  the  soil  was  considered 
rather  wet  for  the  time  of  year. 

Curves  are  given  illustrating  the  soil  conditions  during  a  good  grow- 
ing period  in  March  and  April  and  during  a  severe  drought  of  July 
and  August.  The  records  for  this  year  seem  to  confirm  those  for  last 
season,  and  indicate  that  the  most  favorable  moisture  conditions  for 
this  soil  range  from  5  to  8  per  cent.  When  the  moisture  falls  much 
below  5  per  cent  crops  suffer  from  drought,  while  if  the  moisture  con- 
tent increases  to  10  per  cent  or  over  the  crops  suffer  from  excess  of 
water.  So  during  the  latter  part  of  July  and  the  first  half  of  August 
the  moisture  curve  was  below  the  line  of  drought  for  about  sixteen 
days.  At  certain  periods  of  growth  such  conditions  might  prove  fatal 
to  any  of  our  crops.  They  must  be  prevented  or  much  alleviated  by 
cultivation  or  by  irrigation  in  order  to  save  the  crops  from  serious  harm. 
Such  conditions  are  but  too  often  the  controlling  conditions  of  crop 
production. 

KENTUCKY   BLUEGRASS   LAND,    LEXINGTON,    KY. 

Records  were  continued  in  the  bluegrass  land  at  Lexington,  Kyi 
both  in  the  sod  and  in  an  adjacent  plot  from  which  the  sod  was 
removed,  but  which  was  not  disturbed  during  the  season,  except  that 
ail  vegetation  was  kept  off  with  a  hoe.  The  soil  during  the  first  half 
i  >t  June  was  considered  rather  wet.  During  the  latter  part  of  June  the 
surface  was  rather  dry.  In  July  there  was  one  very  wet  period,  from 
Tin*  20th  to  the  27th.  The  remainder  of  the  month  was  considered  gen- 
erally quite  favorable.  The  first  part  of  August  the  soil  was  considered 
lather  wet.    The  remainder  of  the  month, up  to  the  last  four  days,  was 
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considered  very  favorable.  During  the  month  of  September  there  was 
a  severe  drought,  lasting  almost  the  entire  month. 

Curves  are  given  illustrating  the  moisture  conditions  during  a  wet 
period  in  early  June  and  during  the  rather  severe  drought  in  Sep- 
tember. 

The  results  this  year  confirm  the  records  of  last  season,  and  seem  to 
show  that  for  these  soils  25  per  cent  is  the  limit,  beyond  which  the 
soils  become  too  wet,  and  15  per  cent  the  line  below  which  the  soil 
contains  too  little  moisture. 

COTTON   LAND    OF   THE    RED   HILL   FORMATION,    ST.    MATTHEWS,    S.  C. 

Records  were  kept  during  the  season  in  the  Red  Hill  formation  at 
St.  Matthews,  S.  C,  in  order,  if  possible,  to  determine  the  conditions  of 
favorable  moisture  content  and  the  extremes  of  wet  and  dry  condi- 
tions for  the  growth  of  cotton.  With  the  exception  of  a  wet  period 
during  the  middle  of  July,  the  conditions  throughout  the  season  were 
considered  generally  favorable  and  normal  for  the  growth  of  cotton. 
Curves  are  given  illustrating  the  favorable  conditions  during  the 
month  of  June,  the  most  active  growing  period  of  the  cotton  crop, 
and  also  the  good  points  of  a  season  in  September  favorable  for  the 
ripening  of  cotton.  It  will  be  noticed  that  the  conditions  best  for 
the  growing  period  are  very  different  from  the  best  conditions  for  the 
ripening  of  cotton.  The  season  was  reported  as  being  so  uniformly 
good  that  it  was  not  possible  to  establish  the  lines  of  excessive  wet  or 
of  drought  for  tbis  soiL 

SANDY   CRETACEOUS   COTTON   LAND,    UNION   SPRINGS,    ALA. 

Records  are  given  of  the  moisture  conditions  in  the  sandy  cretaceous 
lands  of  Union  Springs,  Ala.,  adapted  to  cotton.  Curves  are  also  given 
illustrating  the  wet  and  the  favorable  conditions  for  the  growth  of  cot- 
ton in  this  soil  during  the  month  of  June  and  the  conditions  during  a 
prolonged  drought  during  the  month  of  September,  when  the  soil  was 
too  dry  even  for  the  proper  maturing  of  the  cotton  crop.  The  char- 
acter of  the  season  was  such  that  it  was  possible  to  establish  the  line 
of  excessive  moisture  at  about  8  per  cent  and  the  line  of  drought  at 
about  3  per  cent  for  this  soil.  The  tables  and  diagrams  show  for  how 
much  of  the  season  the  conditions  were  within  these  limits.  There 
were  two  excessively  wet  seasons  in  June,  the  rest  of  the  month  being 
favorable.  The  middle  of  July  also  was  considered  too  wet,  while  the 
very  last  of  the  month  the  soil  was  too  dry  for  cotton.  The  weather 
generally  throughout  the  month  of  August  and  the  entire  month,  of 
September  was  considered  too  dry  for  cotton. 

SANDY  CRETACEOUS  COTTON  LAND,  FORT  DEFOSIT,  ALA. 

Moisture  conditions  in  the  sandy  cretaceous  soil  at  Fort  Deposit, 
Ala.,  were  considered  generally  favorable  throughout  the  season,  ex- 
cept during  the  greater  part  of  September,  when  the  soil  was  reported 
too  dry  for  cotton. 
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BLACK    CRETACEOUS   PRAIRIE    COTTOX   LAND,    MACON,    MISS. 

The  curves  for  the  season  show  that  the  line  of  drought  in  the  black 
cretaceous  prairie  soils  at  Macon,  Miss.,  is  about  23  per  cent,  and  that 
the  favorable  conditions  for  cotton  require  at  least  25  or  27  per  cent  of 
moisture  in  the  soil.  A  curve  is  given  illustrating  the  dry  period  dur- 
ing the  month  of  July,  succeeded  by  a  favorable  season  of  about  ten 
days'  duration.  During  the  months  of  August  and  September  the  soil 
was  reported  as  continuously  too  dry. 

It  is  interesting  to  compare  the  apparent  line  of  drought  in  this  soil 
with  that  in  the  sandy  cretaceous  land  at  Union  Springs,  Ala. 

RICH   BLACK   CLAY   LANDS   OF   THE   MISSISSIPPI   BOTTOM. 

The  observer  at  Greenville,  Miss.,  states  that  the  conditions  in  the 
Mississippi  bottom  soil  at  that  place  were  uniformly  too  dry  through- 
out the  season.  It  may  be  seen  that  the  rainfall  records  are  very  small. 
A  curve  is  given  illustrating  the  conditions  in  this  soil  during  the  month 
of  June,  when  the  moisture  did  not  fall  below  20  per  cent.  Neverthe- 
less, the  soil  was  too  dry  for  cotton.  The  conditions  during  the  season 
were  not  such  that  the  lines  of  drought  and  of  excessive  moisture  con- 
tent could  be  established  for  this  laud. 

BLACK    WAXY    SOIL,    PARIS,    TEX. 

Eecords  were  kept  of  the  moisture  conditions  in  the  black  waxy  soil  at 
Paris,  Tex.,  to  study  the  actual  moisture  conditions  in  this  very  refrac- 
tory soil.  The  ground  was  reported  as  too  dry  throughout  the  season, 
and  the  rainfall  record  shows  that  very  little  rain  fell.  Notwithstand- 
ing the  total  of  rain  was  less  than  one-third  of  an  inch  during  June, 
the  diagram  indicates  that  the  moisture  content  hardly  fell  below  19 
per  cent,  and  the  records  show  that  it  did  not  go  below  12  per  cent  dur- 
ing  the  entire  season.  The  season  was  so  uniformly  dry  that  the  lines 
of  drought  and  of  excessive  moisture  could  not  be  determined. 

PRAIRIE,    COLBY,    KAXS. 

The  records  were  continued  at  Colby,  Kans.,  under  the  prairie  sod 
and  in  plots  cultivated  in  the  ordinary  way,  subsoiled,  and  irrigated. 
The  conditions  were  reported  as  uniformly  favorable  throughout  tlie 
season,  with  an  abundant,  well-distributed  rainfall.  As  during  the 
favorable  seasons  of  the  previous  year,  the  different  methods  of  cul- 
tivation made  little  difference  in  the  water  content,  while  there  was  a 
very  great  difference  in  the  water  content  of  the  prairie  sod.  The  reason 
for  this  is  probably  that  the  rain  does  not  readily  enter  the  soil  through 
tin  sod,  and  when  it  does  enter,  the  grass  uses  a  large  supply  and  keeps 
the  water  content  low.  The  other  plots  had  no  vegetation  of  any  kind 
growing  on  them. 
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MOISTURE   CONTENT   OF   SOILS. 

MARDELA  SPRINGS,  MI).— 1896 
Early  truclc  land. 


Day. 
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vated. 
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LEXINGTON,  KY— 1896. 
Trenton  limestone — Bluegrass  land. 
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August.                  September. 

Day. 

Bare. 
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Rain. 
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Rain . 
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27.2 
26.8 
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26 

26 
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25 
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23 
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12 
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14 
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23 
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17 

18 
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02 

21 

.01 

23 

29 
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25 

22.5 

22 

23 
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• 
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27 
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20 
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01 
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ST.  MATTHEWS,  S.  C— 1896. 
Med  Hill  formation — Cotton  land. 
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UNION  SPRINGS,  ALA.— 1896. 
Sandy  cretaceous  cotton  land. 
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5.6 
5.3 
4.7 
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1        

12          

.8  l 

13 

.6  ! 

14       

.5    

15  

.6    

16 

2. 4  .65 

3.5  l 

5             2.15 

5.4    

5       

4.3    

3.8    

3-4    

3-3    

3.3           .20 

3.3  I 

3.2  j 

3        

2.5    

2        

.8    

17  

.9    

18                     

.6 

19                 

.6 
.6 

:? 

.8 
1 

1.1 
1 

.8 

2^8 
4 

21                    

0.05 

23          

25              

27  . .           



29     

1.05 

31 

1.9 

1 

FORT  DEPOSIT,  ALA.— 1896. 
Sandy  cretaceous  land. 


June. 

July. 

August. 

September. 

Day. 

Unculti- 
vated. 

Rain. 

Unculti- 
vated. 

Rain. 

Unculti- 
vated. 

Rain. 

Unculti- 
vated. 

Rain. 

1 

Per  cent. 
11.8 
12.2 
13.5 
14 
13 

12.3 
12.2 
12.3 
12.2 
11.8 
11.3 
11 

10.5 

10 

9.5 

9.1 

8.8 

8.  C 

12.5 

12.5 

11.4 

11.4 

12.4 

12 

10.8 
9.6 
8.6 
7.5 
6.5 
5.5 

Inch. 

'"6.15" 
1 

"""."25' 

.50 

""."so" 

:::::::: 

Trace. 

.75 
.50 

'".'75 

Per  cent. 
5.5 

5 

5.5 
5.  5 
5.6 
5.8 
12.5 
13.4 
13.2 
13.1 
13 
13 
13 

13.3 
13.6 
14.5 
15 

15.4 
15 

13.8 
12.5 
11.5 
10.8 
10 
9.5 
9 

8.8 
8.6 
7.8 
7.1 
6.8 

Inch. 

6. 12* 

."  25 " 
2 





Per  cent. 
7 

7.5 
6.5 
5.4 
4.8 
4.5 
4.5 
4.8 
4.7 
4.3 
4.2 
4.5 
5.3 
5.2 
5.1 
4.8 
4.3 
3.8 
3 
2.5 

2.2 

4.6 

5.1 

4.5 

4 

3.5 

3 

2.5 

2 

1.8 

Inch. 
0.20 

Per  cent 
1.5 
1.5 

2 

2.2 

2.2 

I 

2 
1.0 

1.8 
1.6 
1.5 
1.5 

1.4 

1.1 

1 

1.2 

1.3 

1.2 

1.2 

1.3 

1.3 

1.4 

l.G 

1.6 

1.2 

1 

1 

1.1 

i   J. 

Inch. 

2 

0.  05 

4 

5 

6 

7 

8 

9 

10 

11 



12 

13 

""'."" 

'"".68 
.07 

'".'50" 

."is" 





1 

'".'25' 

.13 

14 

15 

16 

17 

18 

19 

20 

21 

2') 

23 

24 

25 

26 

27 

28 

29... 

30 

31 



1 

16 

MACOX,  MISS.— 1896. 
Black  cretaceous  prairie. 


June. 

July. 

August. 

September. 

Pay. 

Unculti- 
vated. 

Rain. 

Unculti- 
vated. 

Rain. 

"ZS?  **>■ 

Unculti- 
vated. 

Pvain. 

1                    

Per  cent. 

Inch. 

Per  cent. 
22  2 

22.2 

22 

21.9 

21.8 

21.5 

21.4 

21.2 

21.3 

21.4 

21.4 

21.4 

21.5 

21.3 

21.4 

25 

25.7 

25.4 

25 

24.5 

24 

23.8 

23.8 

24 

24.5 

24 

23.8 

23.5 

23.4 

o.j.  2 

23" 

Inch. 


Per  cent.     Inch. 

22.6    

22.2    

21.4    

20.5    

19.9    

19.8    

19.7    

19.S    

20        

20.  2    

20        

Per  cent. 
19.8 
19.5 
19  8 
20.5 
20.6 
20.8 
20.5 
20 

19.2 
18.6 
IS. 2 
17.6 
17.2 
17.  2 
17.5 
17.5 
17.2 
16.5 
15.6 
15.  5 
16 

16.8 
17.2 
17.8 
18.5 
19 
20 

Inch. 

o 

3                              

........ 

Trace. 

Trace. 

0.54 
1.42 

- 

9 

1   

11 

22.5 
23.6 

25.2 
26 

26.8 
27 

27 
27 

97 

27.1 
27.  2 
26.5 
25.5 
24.4 
22.6 

0.02 
........ 

"Ms" 

.76 

'"".'62' 

12 

13 

11 

15 

10 

17 

1- 

l.i 

19.8    

20        

20.  S    

21        

21         

20      

-19             0. 03 

18.  3           .  13 

17.5    

17        

17.5    

17.S 

18.5    

19.  5           .  52 

20.4    

20.8    

21        

21        

20.2    







20 

.20 




22 

24 

26 

28 

20.8    

21.8           0.31 

30 

20        

GREENVILLE.  MISS.— 1896. 
Blade  clay  of  the  Mississij^i  bottom. 


Dav. 


Julv. 


Unculti- 
vated. 


Rain. 


Unculti- 
vated. 


Rain. 


August. 


September. 


Unculti- 
vated. 


Rain. 


Unculti- 
vated. 


Rain. 


Percent.     Inch.     Percent.     Inch. 


Per 


21 

21 

20.4 

20 

20.5 

21 

21 

21.2 

21.9 

22 

22 

22 

21.8 

21.7 

22 

22.  2 

22.4 

22.6 

22.  8 
23 
23.8 

23.  8 
23 

21.5 
20.5 
20.2 
-  _ 
20.8 
20.5 
19.8 


Trace. 


Trace. 


18.5 

18.5 

19.1 

19.8 

19.8 

19.7 

19.6 

19.5 

19.5 

19.  G 

20 

19.9 

19.8 

19.6 

19.1 

18.5 

18.2 

18.2 

18.9 

19.5 

18 

17.3 

17 

17.5 

18 

18.4 

18.4 

18.5 

18.5 

18.4 

18.2 


.04 


18. 

18 

18 

18.1 

18.3 

18.2 

17.5 

16.9 

16.9 

16.9 

17 

17 

17 

17 

17 

17 

16.8 

16.5 

16.5 

16.5 

17 

17.  5 

18 

19 

19.  C 

20.  2 
20.8 
20.8 
20.6 
20.5 


0.01 

\"io 


.11 
.61' 


cent. 

Inch. 

20 

20 

20.2 

19.6 

18.5 

17 

18.2 

19.2 

19.6 

19.9 

19.8 

Trace. 

19.  S 

19.8 

19.  i 

6.10 

19 

18.6 

18.2 

17.9 

17.  5 

Trace. 

17.2 

17 

16.5 

16.5 

17.5 

19.5 

.42 

21.5 

2:: 

.  33 

21.5 

21 

20.8 

17 


PARIS,  TEX— 1896. 
Black  waxy  soil. 


June. 

July. 

August, 

September. 

Day. 

Unculti-     T.0i„ 

vated.        KaiD' 

Unculti- 
vated. 

Rain. 

Unculti- 
vated. 

Rain. 

Unculti- 
vated. 

Rain. 

• 
1 

Per  cent. 
25.1 
24 

23.5 
23.  6 
25.5 
27 

26.4 
25.8 
24 

22.5 
21 

19.5 
18.8 
18.7 
19.5 
20 
20.3 
19.5 
19.5 
19.5 
19.5 
19.5 
19.6 
20.5 
21.6 
21.6 
20.8 
20 

19.3 
18.4 

Inch. 
'"6.' 29" 

Per  cent. 
17 

17.2 
16.6 
16.4 
16.3 
16.4 
16.5 
16.8 
17  5 
18. 
19 
20 

19.8 
17.5 
16.3 
15.4 

Inch . 
0.03 

'"".35 

.03 

'"."io" 
"""."if" 

.io" 

Per  cent. 
15.2 
14.5 
14 

14.2 
14.5 
14.2 
14 

13.8 
13.7 
13.8 
15 

16.5 
15.8 
15 

14.5 
13.9 
13.8 
13.5 
13.8 
13.5 
13.4 
13.8 
18 

17.8 
17 

16.5 
15.9 
15.5 
15 

14.5 
14.2 

Inch. 

""6."  23" 

----- 

'"."61" 
"".91 

Per  cent. 
14 

14.2 
14.8 
15.5 
16 
16 

15.8 
15.8 
15.8 
15.7 
15 
13.7 

Inch. 

2 

3 

4 

c 

7                               

8                  

9...               

10                               

11...                      

12...                             

13...                                 

13 

14                                  

12.8 

12.3 

12.2 

12.3 

12.4 

20 

18 

15.6 

14.5 

14.4 

16.5 

18.5 

15..                                     

16  ..           

17 

15.2 

15.6 



18 

19 

Rain. 

20                                    

15.5 

0.55 

21 

14.6 

14.7 

15 

15 

14,5 

13.8 

13.8 

13.5 

13.2 

13.4 

14.5 

22 

.04 

23                                    



24...         

25                        

26                              

19.4  1 

27 . . .                       

"".'03 

18      ! 

28 -• 

18.5  1 

29                              

18        

30 

18        

31...                    

COLBY,  KANS.— 1896. 
Prairie  land. 


June. 

July. 

Day. 

Prairie 
sod. 

Culti- 
vated. 

Sub- 
soiled. 

Irri- 
gated. 

Rain. 

Trairie 
sod. 

Culti- 
vated. 

Sub- 
soiled. 

Irri- 
gated. 

Rain. 

1     

Per  ct. 

10.5 

10.8 

11 

10.8 

10.8 

10 
9.8 
9.6 
9.5 
9.5 
9.4 
9 

8.5 
8.2 
8.2 
8.3 
8.6 

12 

11.6 

11 

10.8 

10.8 

11.6 
.13.5 

15 

14.6 

14 

13 

12.5 

11.6 

Per  ct. 
20 

21.6 
22.2 
22 

21.4 
21 

21.2 
21.6 
21.2 
21 

20.6 
'19 
17 

15.5 
14.8 
17     . 
21 
25 

22.4 
21 

20.8 
22 
23 

24.9 
24.8 
25.2 
24.5 
23.8 
25 
23.5 

Per  ct. 
22 

21.6 
21 
20 
20.2 
20.8 
21 

20.8 
20 
19.8 
20 
18 
17 

17.2 
17.2 
18 
20 
23 

22.5 
21.8 
21.6 
22.5 
23.5 
24.5 
25 

25.4 
24.5 
23.5 
25.2 
23.8 

Per  ct. 
25.4 
25.2 
25 

24.5 
23.5 
22.5 
21.8 
21 

21.5 
21.6 
21.5 
20.6 
20.4 
20.4 
20.  5 
20.6 
21 
30 

25.5 
23.5 
22.6 
22.8 
23.5 
24.5 
25.5 
25.6 
25 

24.2 
2.5.5 
24.6 

Inch 

'"6."  35' 

"""."08-" 

.11 

"i.45" 
"".28 

""."56' 
*"i."38" 

"".'55" 

.03 

Per  ct. 
11.2 
11.2 
10.8 
10.4 
9.6 
9 

8.8 
8.8 
9.5 
8.2 
8 
8 
8 

7.8 
7.6 
7.5 
7.4 
7.5 
7.5 
7.6 
7.8 
8.4 
8.6 
8.6 
8 
8 
10.5 
10.5 
9.2 
9.2 
9.5 

Per  ct. 
20.8 
18.2 
16.8 
17.4 
18 

18.6 
18.8 
19.6 
19.6 
19 

18.6 
18.5 
18.4 
17 

17.5 
17.5 
18 

18.5 
18.8 
18.8 
18 
17 

16.6 
17.5 
17.8 
18.5 
24 

22.6 
21.8 
21.2 
21 

Per  ct. 
22.5 
22.4 
22.2 
22 

20.6 
19.5 
18.6 
18 

17.8 
18 
18 
18 

17.6 
17 

16.8 
16.8 
16.8 
17 

17.5 
18 

18.5 
19 
19 

18.5 
18.2 
18.5 
19.5 
17 

14.8 
15 
16 

Per  ct. 
24.5 
23.5 
22.8 
22.5 
21.5 
20.5 
20.2 
20.5 
20.8 
21 

20.8 
20.8 
21.4 
21 
20 

18.4 
18.2 
19.2 
19.8 
19.8 
19.5 
19.4 
19 

17  2 
15 

17.8 
22.5 
21.5 
20 
19.8 
19.6 

Inch. 
/ 

i 

4 

6 

7 

8 

0.03 

9 

10 

11 

12 

13 

14 

15  

16 

17 

18 

19 

20 

21 

22 

.50 

23 

24 

25 

.07 

26 

27 

1.08 

28 

.12 

29 

30 

31 

.20 

4014— Ko.  9- 
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COLBY,   KANS.- 1896— Continued. 
Prairie  land. 


Day. 


September. 


Prairie    Culti-       Sub-        Irri- 
sod.       vated.    soiled,     gated. 


Per  ct. 

10 
9 

7.8 
7.6 


8.5 

8.1 

7.8 

7.9 

8 

8.1 

8.2 

8.4 

8.3 

8.3 

8.2 


12.4 

12 

11.5 

10.9 

10.8 

11 

11 

10.5 


9.7 


Per  ct. 
20.  5 
19.5 
18.6 
18.3 
21.6 
21.4 
20.5 
19.5 
17.5 
16.2 
16.1 
16.7 
17 

17.2 
18.6 
19.4 
19.5 
20 

20.5 
20.5 
20.4 
25 

24.4 
23.6 
23.2 
23 

22.8 
21.8 
21 

20.8 
20.2 


Per  ct. 
17.5 
18 

17.9 
17.8 
22.1 
21.8 
20.8 
20 

19.8 
19.2 
18.8 
18.5 
18.4 
18.3 
18.3 
18.3 
18.6 
19.3 
18.1 
18.5 
18.5 
23 

21.6 
20 
18.5 
17 

16.5 
16.5 
17 

18.2 
18.2 


Per  ct. 
18.9 
18 

17.3 
17.3 
23 
22 
20 

17.5 
15.9 
15.6 
15.8 
16.2 
16.5 
16.8 
17 

17.4 
18.2 
18.3 
17 

16.1 
16.3 
22.4 
18.5 
18 

18.6 
19.8 
19.8 
19.6 
20.4 
20.3 
19.5 


Prairie 
sod. 


Culti- 
vated. 


Inch.     Per  ct. 


10 
9.5 
9.2 
9.2 
9.1 
9.2 
9.3 


21 


13 

12.5 

11.5 

11.5 

12.2 

12.6 

13.4 

13.6 

14.2 

14.2 

13.8 

13.5 

13.2 

12.8 

12.5 

11.8 

11.5 

11 

10.8 

10.6 


Per  ct. 
19.4 
18.9 
18.8 
20 
21 

21.1 
21 

20.5 
20.5 
24.5 
23.5 
22.8 
23 
26 
24 
23 

23.8 
24 
23 

22.4 
21.8 
22 
23 

23.4 
23 
22 

21.5 
21.4 
21.5 
21.5 


Sub- 
soiled. 


Per  ct. 
18.5 
20 

19.9 
19.6 
20 

19.6 
19.4 
19.4 
19.5 
23 

22.  5 
21.9 
21.  9 
25 
23.8 
23 

24.3 
25 

23.5 
21.5 
20.6 
20.6 
21.6 
21.8 
21.6 
20.9 
20.4 
20.6 
21  ' 
21 


Irri- 
gated. 


er  ct. 
IS.  5 
17.5 
16.8 
16.8 
18.5 
20.4 
20.3 
19.8 
20.  2 
23.5 
22.8 
22.4 
22.4 
24.4 
22 

20.2 
19.8 
20.  :$ 
20 

10.5 
19 

19.1 
20.8 
21.4 
21.3 
20.5 
19.4 
18.5 
17 
16.2 


Rain. 


Inch. 


0.61 


.04 
.10 

.47 


.25 


March,  1896.                                           MAEDELA  SPRINGS,  MD.                                           April,  1896. 
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Line  of  excess  of  moisture. 
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Line  of  drought. 
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1 

0 

Bain.     0J5  Ohg  aoj  6. ioo.lt        C&5  o.Oi  ACS' 

Diagram  illustrating  favorable  conditions  in  the  early  truck  land  at  Mardela  Springs,  Md.,  in  the 

early  spring. 

July.  MAEDELA  SPRINGS,  MD.  August. 
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Diagram  illustrating  severe  drought 


/ffg       i.o  z. 
h  greatly  injured  corn  and  such  other  crops  as  were  grow' 
ing  in  this  early  truck  soil  during  July  and  August. 
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LEXINGTON,  KV 
June,  189G. 
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Bare.  Grass  sod. 

Diagram  illustrating  a  wet  period  during  tlio  early  part  of  June  in  the  Trenton  limestone — Ken- 
tucky hluegrass — land  at  Lexington,  Ky. 

LEXINGTON,  KY. 
August  29-September  18,  18S6. 
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Bare.  Grass  sod. 

ng  dry  period  during  month  of  September  in  the  Trenton  limestone— Kentucky 
hluegrass — land  at  Lexington,  Ky. 
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ST.  MATTHEWS,  S.  C. 
June,  1896. 
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Diagram  illustrating  a  favorable  season  for  growing  cotton  in  the  Red  Hill  formation  at  St.  Mat- 
thews, S.  C. 


ST.  MATTHEWS,  S.  C. 
September,  1896. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

14 

13 

12 

11 

10 

9 

/ 

8 

7 

6 

5 

/ 

4 

( 

3 

J 

2 

l 

0 

Rat 

Q. 

O.Ob 

CCk 

G/J~ 

0.5i> 

A37 

Diagram  illustrating  a  favorable  season  for  the  ripening  and  picking  of  cotton  in  the  Red  Hill 
formation  at  St.  Matthews,  S.  C. 


UNION  SPRINGS,  ALA. 
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Diagram  illustrating  wet  and  favorable  periods  for  growing  cotton  in  the  sandy  cretaceous  lands  of 

Union  Springs,  Ala. 
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UNION  SPRINGS,   ALA. 
September,  1896. 
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Diagram  illustrating  drought  in  the  sandy  cretaceous  lands  of  Union  Springs,  Ala. 


MACON,  MISS. 
July,  1896. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

23 

29 

30 

31 

33 

32 

31 

30 

29 

28 

27 

26 

25 

y 

24 

/ 

23 

Apparent  line  of  drought. 

' 

22 

4 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

Diagram  illustrating  dry  period  in  the  black  cretaceous  prairie  land  at  Macon,  Miss. 
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GREENVILLE,  MISS. 

June,  1S9G. 
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Dia  :ram  illustrating  dry  period  in  the  black  waxy  land  at  Paris,  Tex. 
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COLBY,   KANS. 
June,  1890. 
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Influence  of  cultivation  on  moisture  content  of  soils  at  Colby,  Kans. 


